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COMPLETE S 

Improvements in and 

We, The British Thomson-Houston 
Company, Limited, a British Company 
having its registered otiiee at Crown 
House, Aldwych, London, W.C.2, do 
6 hereby declare the nature of this inven- 
tion and in what, manner the same is to be 
performed, to be particularly described 
and ascertained in and by the folio wing- 
statement : — 
10 Our invention relates to electromagnet* 
of the type comprising a coil through 
which a plunger armature is adapted to 
pass. The object of the invention is to 
provide an electromagnet whose armature 
15 movement is substantially proportional 
to the current supplied to the exciting 
winding whereby a gradual movement of 
the armature may be obtained. 

According to the present invention we 
20 provide an electromagnet of the kind set 
forth wherein the coil has a magnet core 
member provided with pole faces at oppo- 
site ends of the coil, the plunger arma- 
ture being provided at each end thereof 
25 with corresponding peripheral pole faces, 
a support for each end of the armature 
being secured thereto and comprising a 
plurality of spring strips and means seem- 
ing the ends of the strips To tiie core mem- 
30 ber so that the armature is supported by 
the spring strips centrally of the coil with 
the annular pole faces respectively in 
radial spaced relation with the annular 
pole faces on the core member and biased 
35 axially by the spring strips to ai» un- 
attracted position. 

In carrying out our invention iu one 
form, we provide a plunger type armature 
for the magnet coil, which armature is 
40 mounted for movement without bearings 
Thus each end of the plunger armature is 
secured to the centre of a disc of thin 
spring metal which has been cut away to 
form a plurality of narrow strips or spokes 
46 supporting each end of the armature. 
These spokes are arranged to bias the 
armature normally in an axially displaced 
unattracted position. Upon energization 
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ot the coil, the armature is moved against 
the bias force of tile spokes to an attracted 50 
position, the movement ot the armature 
being substantially proportional to the 
change in current in the coil. 

For a more complete understanding of 
our invention, reference should be had to 55 
the accompanying drawing. Pig. J ©f 
which is a plan view partly in section 
sJiowiug the application of two electro- 
magnets embodying our invention to the 
operation of a hydraulic valve; Fig. 2 is 60 
an enlarged view in perspective of a 
spring support for one end of the arma- 
ture; Fig. 3 is an enlarged sectional view 
of an electromagnet embodying our in- 
vention taken along the line 3 — 3 of Fig. 65 
4 looking in the direction of the arrows; 
while Fig. 4 is an end view of an electro- 
magnet embodying our invention. 

Referring to the drawing, we provide 
an operating coil I wound on a spool 2 of 70 
electrically insulating material with 
annular washer-shaped members 3 and 4 
at its opposite ends joined by a ring 5 
surrounding the coil, which parts form a 
-support for the coil. Also, these parts 75 
are made of a magnetic material and form 
a magnetic circuit for the coil which is 
complete, except axially through the coil. 

Extending axially through the coil, we 
provide a plunger armature comprising 80 
an outer tubular member 6 provided on 
its opposite ends with ridges or flanges 7 
and 8, the cylindrical peripheral surfaces 
of which form pole faces with respect to 
the stationary pole faces constituted by 85 
the inner edges 9 and 10 of the members 
3 and 4. The armature is mounted at 
each end on disc-like spider supporting 
members 11, 11^, one of which is shown 
in detail in Fig. 2. This member is con- 90 
structed from a disc of thin non-magnetic 
spring metal of .sufficient thickness to have 
the desired spring force, with three seg- 
mental sections cut away to leave three 
radially extending spring strips or spokes 95 
12, 13. and 14 connecting hub portion 15 
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with, the cuter annular portion. For the 
purpose of increasing the resiliency of the 
-pokes, each nf them is provided with a 
substantially central arcuate bend mdi- 
5 rated on the spoke 12 by the reference 
numeral V2iu the displacement of the bent 
portion being at right angles to the plane 
of the support 11. In a typical device 
the spider supports were ^ made of phos- 
10 phor bronze material .013" thick. 

" As shown in Fig. 3, the armature is 
secured at each end to the support by 
means of a tube 16 which extends through 
the member 6, both of which are made of 
15 magnetic material, and has each end 
extending through an aperture in the hub 
portion ol the support 11 or 11a. A 
Ucmge is provided on each end of the tube 
IG on the outer side of the hub, whereby 
20 the hub is secured against the end of the 
member 6. This construction may be 
effected by providing a nange on one end 
unly of tie rod 16, assembling the parts 
and then upsetting the other end of the 
9 r tube 16 to form the flange at that end. 

The two spider supports 11 and 11a and 
the other parts are secured together by 
means of a plurality of bolts 17, six being 
shown, which bolts extend in parallel 
on relation with the axis of the coil and 
through the ring members 3 and 4. Also, 
the holts extend through an end cap mem- 
ber IS enclosing one end of the solenoid 
and through a spacing- ring 19 at the 
r»5 other end of the solenoid. In the con- 
struction shown, this spacing ring 19 is 
seated against a wall 20 of a supporting 
member provided with tapped holes into 
which the screws 17 extend, whereby the 
40 asesinbly is secured together and secured 
to the support 20. 

As shown in Yig. 3, the annular pole 
flanges 7 and 8 are positioned on the 
plunger armature 6 so as to be biased by 
45 the spider supports axially toward the 
left hand to unattracted positions, Unus, 
when the coil is energized, a magnetic 
force is applied to the armature which 
moves the armature toward the right 
50 against the spring bias of ^ the spider 
supports. The pole flanges i . and b are 
moved to positions nearly opposite the 
pole faces 9 and 10 by maximum energiza- 
tion ol the coil, this being the fully 
55 attracted position. 

It will be understood that the magnetic 
force applied to the armature 6 in an 
aiial direction toward the riglit would be 
z^ro if the armature were moved toward 
fin the right far enough to bring the pole 
flanges 7 and 8 exactly opposite the pole 
faces 9 and 10 or, in other words in align- 
ment with the pole faces 9 and 10 There- 
fore, the biasing forces applied by the 
65 spider supports prevent the armature from 



reaching this position of complete align- 
ment. For a given excitation of the coil, 
the magnetic force applied to the arma- 
ture decreases as the armature is moved 
toward this position of pole face align- 70 
ment. As a result, the armature has a 
definite stable position for each value oi 
coil excitation up to its final attracted 
position of near alignment of the pole 
faces. . 

This is a distinguishing characteristic 
of our electromagnet as contrasted, for 
example, with conventional solenoids such 
ns those having a pivoted or plunger type 
armature in the operation of which the 80 
armature, when it starts to move toward 
its attracted position, the excitation be- 
ing constant, is pulled with an increas- 
ing magnetic force. Such armatures 
obviously do not have a stable position 85 
for each* value of excitation because when 
the excitation is made great enough to 
start movement of the armature against, 
its biasing force, the increasing magnetic 
force moves the armature immediately to 90 
its fully attracted position. 

As shown in Tig. 3, the armature U is 
positioned by the spider supports 11 and 
11a, the coil being de-energized, m an un- 
attracted position with the pole flanges < 95 
and 8 axially on the left-hand side of the 
pole faces 9 and 10. In this unattracted 
position, it will be understood that the 
spider supports assume their normal 
shapes and hold the armature in a posi- 100 
tion in which neither one exerts a spring 
bias on the armatUTe, unless the arma- 
ture -is prevented from assuming that posi- 
tion, although movement of the armature 
toward the right hand to an attracted 105 
position is immediately opposed by the 
spring biasing forces of the spokes or arms 
of the spider supports tending to return 
the armature to the unattracted position 
shown in Fig. 3. HO 

When the coil is energized, a magnetic 
force is applied to the armature in a direc- 
tion to move it toward the right hand, this 
force varying with the excitation current 
supplied to the coil. The axial range of 115 
movement of the armature is relatively 
small, and the bends 12a in the spokes 
of the spider supports provide the neces- 
sary elongation of the spokes required for 
this movement. In the unattracted posi- 120 
tion of Pig. 3, the spokes have their mini- 
mum lengths, the hub 15 of each spider 
then lying in the plane of the peripheral 
ring portion of the spider. We have 
found that the armature movement is 125 
closely proportional to the current in the 
coil throughout its range of movement. 
Consequently, by suitably varying the 
current, a very small movement of the 
armature can be obtained between the un- 130 
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attracted uud attracted positions. This 
proportioual, or substantially straight 
line, relation between the movement of 
the armature and the current in the coil is, 
5 we have found, dependent to a consider- 
able extent upon the bends 12a in thn 
spider supports whereby the spokes are 
given gTeater resiliency. 

An important feature of our invention 
10 in the provision of the substantially 
straight line current-displacemetnt rela- 
tion, is the elimination of all bearing's for 
the armature with their inherent static 
friction which would tend to prevent 
16 movement of the armature in response to 
very small changes in the excitation 
enrrent. The pole flanges 7 and 8 are 
sufficiently smaller than the pole faces <) 
and 10 to provide for a predetermined 
20 radial clearance of air gap between them 
sufficient to neutralize the residual mag- 
netism iu the core parts after the coil has 
been deenergized. Another important 
featuie is the elimination of any position 
26 of zero air for the armature "with in- 
cidental sticking in such position. 

We contemplate in one application of 
our invention, as shown in Fig. 1, the use 
of two electromagnets 21 and 22 eon- 
30 structed, as previously described, for 
operating jointly the plunger valve mem- 
ber 23 of a hydraulic valve 24. Thus the 
inagnets 21 and 22 are mounted on a 
hydraulic valve casing with their arma- 
35 tures bearing respectively on opposite 
ends of the plunger member 23. To 
facilitate the adjustment of the armatures 
in engagement with the plunger x we pro- 
vide each armature, as shown in Fig. 3 
40 with a threaded bolt 25 extending through 
a longitudinal hole in the tube 16, which 
hole has a portion threaded and cooperat- 
ing with the threads on the bolt 25. Thus 
by removing a cap 26 in the end cover 18, 
45 access is had to the left-hand or outer end 
of the bolt 25, which can be turned foi 
longitudinal adjustment into engagement 
with the end of the plunger 23. It is 
secured in its adjusted position by a nut 
50 27 and lock washer. 

Preferably, as shown in Fig. J, the 
adjustment of the two armatures is such 
that the plunger 23 is held in a central 
closed position, as shown, by the opposed 
55 biasing forces of the supporting sliders 
when the two electromagnets are de- 
energized. The adjustment bolts 25 are 
screwed against the opposite ends of the 
plunger 23 to apply a small amount of 
60 force to the plunger so that the support- 
ing spiders are placed under some initial 
tension for positive positioning of the 
plunger 23 when the coils are deenergized. 
Thus energization of the magnet 21 moves 
65 the plunger 23 toward the right hand and 



energization of the magnet 22 moves it 
toward the left hand. Preferably, how- 
ever, the two magnets are differentially 
energized so as to provide for a magnetic 
restoring force in addition to the spring 70 
bias of the spider supports. In other 
words, the two electromagnets would both 
be partially energized at the same time. 
U hen these energizations are equal, the 
armatures are in their unattracted posi- 75 
tions into which they were moved by the 
combined spring bias of the spider 
supports and the opposing magnetic 
forces applied to the armatures as the 
energizations of the coils were equalized. 80 
IJius any force tending to displace the 
valve plunger 28, such as resulting from 
h heavy shock, is opposed not only by the 
spring- biases but also by the magnetic 
forces. For movement of the plunger to- 85 
ward the right hand, as seen in Fin* 1 
the energization in the magnet 21 is in- 
creased while the energization in the mag- 
ne,^2 is decreased, and vice vena. 

If the armature is held in a fixed posi- 90 
turn it exerts a force which is propor- 
tional to the square of the current. The 
amount of force increase for a friven 
current increase decreases as the satura- 
tion ot the iron core of the electromagnet 95 

It a ] J ^ oach 1 ed ' Howev «*, we contemplate 
tnat the electromagnet will be operated 
below the saturation point. The biasing 
torce exerted by the spider supports, how- 
ever, are not exactly proportional to the 100 
movement of the armature. In a typical 
installation, as shown in Fig. 1, it was 
tound that with the two electromagnets 
excited to about one-half of their maxi- 
mum values when the valve was in its 105 
central closed position shown, the move- 
ment of the valve was substantially pro- 
portional to the changes in the excita- 
tions ot the electromagnets. In other 
words, the travel of the valve was nearly 110 
proportional to the difference in the 
excitations of the two coils. 

As indicated in Figs. 1 and 3, the fluid 
ot the valve 24 has access to the interiors 
ot the elec romagnets around the anna- 115 
tures and the spider supports. This con- 
struction is used in order to avoid the 
provision of seals between the valve and 
the electromagnets. 

Having now particularly described and 120 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim as : — 

1 . An electromagnet of the kind set 125 
lorth wherein the coil has a magnet core 
member provided with pole faces at oppo- 
site ends of the coil, the plunger arma- 
ture being provided at each end thereof 
with corresponding peripheral pole faces 130 
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a support for each end of tlie armature be- 
ing secured thereto and comprising a plur- 
ality oi* *pring strips and means securing 
the ends of the strips to the core member 
so that the armature is supported by the 
spring strips- centrally of the coil with 
the annular pole faces respectively in 
radial spaced relation with the annular 
pole faces on the core member and biased 
axially by the spring strips to an un- 
attracted position. , . 

2. An electromagnet as claimed in 
<laim 1 in which the spring supporting 
members comprise spring strips secured 
to the armature and extending radially 
therefrom, each of the strips being pro- 
vided with an arcuate bend giving it in- 



creased resiliency for axial movement of 
the armature when the coil is energized 

3. An electromagnet as claimed m claim a) 
1 in which the spring supporting members 
comprise a disc-like member of thin spring 
material having segmental portions cut 
away to form a plurality oi flexible *irip< 
extending radially from a hub portion 1o £0 
an outer annular portion. 

4. An electromagnet constructed sub- 
stantially as hereinbefore described with 
reference to the accompanying drawings. 

Dated this 25th day of November, 194t>. 
A. S. C AC HEMAILLE , 
Crown House, Aldwych, London, \\ .C.2. 
Agent for the Applicants. 
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